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INTRODUCTION 
INELASTIC LOAD CARRYING 
CAPACITY OF COLD-FORMED STEEL BEAMS 
By Muzaffer yenerl and Teoman Pekoz2 
The inelastic reserve capacity is defined as the load carrying capacity 
beyond the first yielding in a member. This topic was discussed in Ref. 1 
and was shown to be significant for certain types of cold-formed steel sec-
tions. The research reported herein is an extension of the work reported 
in Ref. 1. 
The ultimate load of cold-formed steel beams may exceed the initial 
yield load due to the redistribution of stresses through the depth of the 
section after yielding ; and in addition, in the case of redundant beams, 
due to the inelastic moment redistribution. Both of these actions depend, 
among other parameters, on the inelastic strain capacity of the section. 
The ultimate moment Mu can be determined by considering the equilibrium of 
stresses and by assuming linear strain distribution over the depth of the 
cross-section. As will be discussed below, the efflct of the inelastic 
moment redistribution in redundant beams is determined on the basis of the 
rotation capacity of the critical sections. 
The development of an ultimate compressive strain criterion for the com-
ponent plate elements of a section is essential for the utilization of the 
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ine·lastic reserve strength. Studies on hot rolled sections such as those 
reported in Ref, 3 have formulated limiting width to thickness ratios of 
compression elements based on plate buckling behavior in the strain-
hardening range . In general, cold-formed steel sections, having larger 
width to thickness ratios, may not be compressed into the strain hardening 
range, thus necessitating the development of an entirely different approach. 
In the research reported herein (2) as well as in Ref. 1 an ultimate com-
pressive strain criterion is formulated directly on the basis of tests on 
sections with stiffened compression flanges. A stiffened compression flange 
is one which is adequately supported along both of its longitudinal edges. 
BEHAVIOR OF COMPRESSION FLANGES 
s.tL66ened Comp1te.6.&,{,OYl. Fe.a.ngu 
The post buckling behavior and strength of thin stiffened compression 
flanges are well documented (4). Thin flanges can be defined as those with 
width to thickness ratios, wit, exceeding the limiting value of (w/t}lim = 
221/~ specified in the A. I .S.I. Specification (5). In general, for a 
member having a thin compression flange, if the initial yielding is reached 
in compression the yield load computed on the basis of an effective width 
approach (4,5) is assumed to be the ultimate load. However, if the initial 
yielding is reached in the tension flange, the stresses would be redis-
tributed through the depth of the section until yield stress (computed on 
the basis of the effective section) is reached in the compression flange. 
In this case the section may have significant inelastic reserve strength. 
Compression flanges having wit ratios smaller than (w/t)l' may sus-1m 
tain an ultimate compressive strain, € , larger than the yield strain €y 
cu 
before buckling inelastically. A criterion for the compressive strain 
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capacity of stiffened flanges in uniform moment regions was developed in 
Ref. 1. The scope of this criterion has been extended in the present in-
vestigation (2) with the consideration of several parameters such as the 
moment gradient, support width and the yield strength of the material, in 
addition to the wit ratio . The influence of these parameters on the com-
pressive strain and the inelastic rotation capacities are discussed in 
detail below. 
UI'I4.ti.66elted F.eartgu 
An unstiffened flange is one which is adequately supported along one 
longitudinal edge and is free on the other. Similar to stiffened flanges, 
unstiffened flanges that are thin enough may have post-buckling strength. 
A discussion of such behavior can be found in Refs. 6 and 7. These refer-
ences show that with proper modifications, the effective width concept can 
be used for unstiffened compression flanges as well. 
The present A. I .S.I . Specification approach also recognizes and uses 
the post-buckling strength with an allowable stress that can be higher than 
the elastic buckling stress. The presumed ultimate stress is then the 
allowable stress times the usual factor of safety. There have been no 
studies on the inelastic strain capacity of thicker unstiffened compression 
flanges of cold-formed steel beams. In the absence of such a study, it 
seems reasonable in a design situation to assume the ultimate compression 
strain to be the presumed ultimate stress divided by the modulus of elas-
ticity. A parallel approach can be developed using the effective width 
concept of Refs . 6 and 7. In any case the assumed ultimate strain in 
compression would not exceed the yield strain. In members where initial 
yielding is in tension, even this conservative approach may lead to the 
utilization of a considerable amount of inelastic reserve strength. 
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As in the case of unstiffened flanges, studies such as those described 
in Refs. 8 and 9 have formulated approaches for the utilization of the 
post-buckling strength. Again, in the absence of studies on inelastic strain 
capacity, an approach such as . the one described for unstiffened elements can 
be used. 
ULTIMATE STRAIN CRITERION - STIFFENED ELEMENTS 
Because of the complexities involved in the theoretical determination 
of the critical strain within the yield plateau an experimental program was 
carried out. It was the authors' desire also to include the effects of 
initial imperfections and other geometric peculiarities inherent in cold-
formed steel sections,such as relatively more rigid and larger webs, corners 
without fillets, etc. 
Exp~ental P~og~ 
The inelastic strain capacity in Ref. 1 expressed as the ratio of the 
ultimate compressive strain to yield strain, ~CU/~y' is given in terms of 
one geometric parameter, wit, for mild steel with 36 ksi. The criterion 
was developed by testing 12 hat-shaped beams having a constant moment region 
as shown in the inset of Fig. 1. The lines in the figure represent a lower 
bound to the test points. The wit ratio is normalized intuitively with 
respect to 0y to include structural steels having yield points other than 
36 ksi. In order to study the effect of. the moment gradient and the support 
width, N, on the compressive strain capacity, 26 hat- and C-shaped beams 
were tested (see Fig. 2). The test set-up for centrally loaded beams is 
shown in Fig. 3a. 
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There were three basic groups of test specimens. The first group of 
12 beams was divided into 4 sub-groups, each of which is referred to as a 
'set' as indicated in Table 1, according to the gage number of the steel 
sheet. The main variable in the first group (consisting of sets 1 through 4) 
was the bearing plate width, N. In the specimen identification numbers in 
Table 1, L refers to the span length in feet. 
The purpose of the second group (Set No.5) which contained 7 C-shaped 
beams, was to investigate the influence of the moment gradient on the 
behavior of the stiffened compression flanges and the rotation capacity of 
the partial hinges. Thus, only the span length L was varied. N was kept 
constant at 2.5 inches. 
The third group consisted of 7 hat-shaped beams of higher strength 
steel. The first set of 5 specimens in this group (Set No.6) was loaded 
at the third points to verify the failure criterion developed in Ref. 
for beams under uniform moment. The remaining two specimens, Set No.7, 
were loaded centrally. 
By using hat- and C-shaped sections, for which the moment of inertia 
about the flexure axis is minimum, the lateral buckling was prevented (4). 
Since the objective of the test program was to investigate only the behavior 
of stiffened flanges, web failures were avoided by tack welding stiffening 
plates to the webs at the load point and the supports. 
The virgin material properties were determined from tension coupons 
cut in the direction of the beam axis. All selected grades of steel ex-
hibited a well-defined sharp yield point and a sufficient yield plateau. 
Since the ratio of the cold-worked area-to-flat area was small for most 
specimens, the virgin yield stress was used in all calculations (see Table 1). 
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The strain gage locations for centrally loaded beams are shown sche-
matically in Figs. 3b through 3e. Through the extensive use of strain gages 
the following information was obtained: (a) the maximum compression strain 
at mid-span, (b) the average value of strain and curvature, (c) the edge 
strain distribution along the compression flange and the bearing plate, 
and (d) the experimental critical load. Curvature diagrams were constructed 
with the experimentally observed values for each specimen and deformations 
were computed using a digital computer. 
In addition to computing the deformations indirectly from strain gage 
readings, direct measurements of the end rotations, the support settlements, 
and the mid-span deflections were taken (Fig. 3a). A soft Homasote load 
distribution pad was always used under the applied concentrated load. No 
web crushing was observed in any of the tests except in test H10G-N5-L6 
which had a relatively large bearing plate. 
Specimens were tested in a hydraulic testing machine. Close to the 
failure the load and the gages could not be stabilized. Thus reliable 
readings could not be taken; however the ultimate load could be recorded 
accurately. Therefore, the load corresponding to the last reading, Pu' is 
not necessarily the failure load Pf . The compressive strain E , recorded cu 
at Pu' was used in the development of the various criteria in this study. 
Evalu.a..t<.on 06 Tut Ruu.tu 
Bearing Plate Width - The bearing plate width was varied in a systematic 
way primarily to study its effect on the total inelastic rotation. In 
addition, the values of EcU/Ey were plotted against the ratio of the bearing 
plate width to the depth of the section, N/d, the parameter being the wit 
ratio of the first four sets. A consistent but rather insignificant in-
crease in ECU/Ey with increasing N/d was observed. It was decided not to 
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include this effect in formulating the inelastic strain capacity criterion. 
The influence of N on the inelastic rotation capacity is discussed later 
in this report . 
Moment Gradient - The £CU/£y ratios and the total rotations at midspan, 6T, 
observed in tests of Set No. 5 are plotted against the parameter tid in 
Figs. 4 and 5, respectively. The parameter tid represents the moment 
gradient. The dimension t, often called the reference or shear span, is 
the moment to shear ratio in the beams tested. In an indeterminate beam 
it corresponds approximately to the distance from an interior support to an 
adjacent inflection point. It is seen that the €cu/£y ratio increases as 
the moment gradient increases, and the total rotation increases with de-
creasing moment gradient. Smaller tid ratios indicate higher moment 
gradients. Though the above observations are for a series of tests on 
specimens with similar wit ratios, it is expected that the £cu/€y ratios 
and the total rotation would increase with decreasing wit ratios. 
In Fig. 6, the experimental points are plotted for the specimens in 
the first 5 sets subjected to a relatively high moment gradient with a span 
length of three feet . The point representing the test H10G-NS-L3 is con-
siderably higher than the others, apparently due to the use of extra web 
stiffeneing diaphragms under the bearing plate . The straight line segments 
are chosen as a lower bound to the test specimens with the limits 190/~ 
and 240/10. y 
The test results of beams subjected to relatively low moment gradient, 
having a span length of six feet, are plotted in Fig. 7. A lower bound to 
the experimental points (with the exception of Hl-G-N5-L6) is again selected, 
keeping the limits at 1901rcr; and 240/rcr;. 
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Comparison of Figs. 6 and 7 indicates only a small gain in ECU/Ey for 
members with L = 3 ft. Thus, the criterion given in Fig. 7 represents a 
lower bound to all test points, and may be considered to represent the 
failure condition for the test specimens subjected to moment gradient. 
However, the criterion developed for beams under uniform moment (Fig. 1) 
underestimates the ultimate strain capacity of beams under moment gradient 
considerably. 
It is seen above that the E IE ratio can, in general, be expressed 
cu y 
in terms of the parameters wit and ~/d. However, expressing the ultimate 
strain capacity as a continuous function of the degree of the moment 
gradient, ~/d, does cause complications in the analysis by necessitating 
an additional trial-and-error step. This is so because for a statically 
indeterminate beam the moment diagram and thus the ~/d ratio at failure 
cannot be determined without a prior knowledge of the moment and rotation 
capacities of the critical sections . The moment and rotation capacities 
in turn depend on the E IE ratio. 
cu y 
The determination of E IE ratio is greatly simplified if beams are cu y 
divided into two categories as those with and without moment gradients. 
Thus, the compressive strain criterion can be expressed as a function of 
the wit alone for each of the categories. As was done in Ref. 10, beams 
with more than one half of the reference span yielded can be considered as 
beams with uniform moment. In the limit analysis of an indeterminate beam 
the extent of the yielded portion at failure is not known at the outset. 
However, for design purposes, it seems reasonable to determine whether or 
not a member is subjected to moment gradient on the basis of an elastic 
solution. 
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The criterion shown in Fig. 7 can be used for cases with moment gradi-
ent, and that in Fig . 1 for cases without moment gradient. The criterion 
given in Fig. 7 is conservative for several reasons. It ignores the bene-
ficial effects of the bearing plate width. Furthermore, for this criterion 
lower bounds to test points determined at Pu are used, and the beneficial 
effects of higher moment gradients are disregarded . For a discussion of 
Fig. 1 the reader is referred to Ref. 1. 
Verification of Failure Criterion for High Strength Structural Steel - In 
developing the failure criterion the limits on the (w/t) ratio were normalized 
intuitively with respect to 0y in a form similar to that in which (w/t)lim 
depends on 0y' The validity of this was shown for members with and without 
moment gradient by testing 7 hat-shaped beams of higher strength structural 
steel (Oy ~ 56 ksi) exhibiting sufficient ductility . 
In Fig . 8 the proposed criterion is reproduced, and the test points at 
Pu (hollow points) and the computed values at Pf (solid points) are plotted . 
With the exception of H12G-3PT-1(1), all solid points projected upwards from 
the corresponding hollow points fall above the respective limiting lines of 
the failure criterion. The points above the figure represent those tests 
in which Pf exceeded the theoretical load required for full p1astification 
of the midspan section. 
ULTIMATE STRENGTH OF BEAM CROSS-SECTION 
As discussed above the inelastic reserve load carrying capacity of a 
statically determinate beam is due to partial p1astification of the beam 
section . This reserve strength is a function of the cross-sectional shape 
and dimensions as well as the ultimate compressive strain capacity . Design 
aids for determining ultimate strength of typical cold-formed sections have 
been prepared and are given in Refs. 1 and 2. 
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INELASTIC MOMENT REDISTRIBUTION 
An additional amount of load in excess of that which causes the p1as-
tification of cross section can be carried by statically indeterminate 
beams due to redistribution of moment to the less severely stressed sections 
in the structure. If sufficient number of partial hinges can be developed 
to form a mechanism, the complete moment redistribution is said to have 
taken place. Hence, the simple plastic method (3) can be employed to deter-
mine the failure load, Pu. The contribution of the partial moment redis-
tribution to inelastic load carrying capacity, however, is limited by the 
available rotation capacity of partially developed hinges, 6p. If this 
inelastic reserve capacity is to be utilized, a limit design method must be 
employed. 
In any limit design procedure the following conditions must be satis-
fied at failure (a) equilibrium - bending moments must be in equilibrium 
with the applied loads, (b) rotational compatibility - rotational capacity 
must be sufficient for the development of assumed moment distribution, and 
(c) local ultimate moment condition - statically admissible and safe moments 
must be in equilibrium with the ultimate load. Rotational compatibility 
condition requires that the availability of sufficient ductility at partial 
hinges must be ensured. This implies that a general limit design approach 
demands a trial-and-error type solution, which can be avoided only if an 
expression to predict e is developed. p 
Ava-Uab.e.e. I tte1.a-6tic. Ro:ta.tio tt 
In Fig. 9 a portion of a beam to one side of a critical section is 
shown. It should be noted that in Ref. 2 the discontinuous stress-strain 
law (11) is shown not to be applicable for the inelastic design of co1d-
formed steel beams. Thus the curvature diagram in Fig. 9b is based on the 
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incremental flow of strain. Assuming elastic behavior up to Mu' the 
elastic component of rotation can be computed from Be = J (M/EI)dx 
(unshaded area). 
ISS 
The shaded area represents the inelastic part of rotation, and can be 
computed from Bp = J ¢dx. To be able to carry out the required integration 
H 
the M-¢ relationship within the yield zone H must be determined. It can be 
shown that (2), for singly symmetric cold-formed shapes, such a relationship 
within the entire yield zone can only be determined by a numerical procedure. 
A computer program was used to construct the curvature diagrams, and com-
pute ep for the specified values of ECU determined from the failure criterion 
for given cross sections. 
A PCUtamUeIt Study 
It was found in Ref. 2 that a parabola is a good approximation for the 
nonlinear inelastic curvature distribution in Fig. 9. Then, the shaded area, 
ep' can be written as 
(1 ) 
where k is the shape factor for inelastic curvature distribution, and 
¢yu = Mu/EI . The ultimate curvature is denoted by ¢u = Ecu/Ycu' where Ycu 
is the neutral axis location at failure. H is the length of the yield zone 
to one side of the partial hinge in the absence of a bearing plate, and 
depends on the shape of the moment diagram as well as the magnitudes of Mu 
and My' For the linear moment diagram shown in Fig. 9a, H =Q,[1 - (M/Mu)]. 
The presence of bearing plates alter the moment distribution, thus 
the value of H and the shape of the ¢-diagram. Denoting the length of the 
yield zone in the presence of a bearing plate of width N, by Hp' Eq. (1) 
can be written as 
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a = k(4) - 4> )H P u yu P (2) 
To reflect the beneficial effect of N on the extent of the yield zone, Hp 




The constant 5.5 has been determined theoretically in Ref. 2 assuming 
uniform distribution of the concentrated forces over the bearing plate 
width, N. 
The curvatures 4>u and 4>yU in Eq. (1) can be expressed primarily in 
terms of Mu which, in turn, depends on the ECU/Ey ratio, and the cross 
sectional shape and dimensions. In summary, the available inelastic rota-
tion depends on the section geometry and the parameters H, N, ECU/Ey' 
VeteJtm.i.rta.U.on a 6 k. 
The coefficient k can be approximated by the following expression: 
(4) 
where A , At' and A are the total areas of the compression flange, tension c w 
flan~e, and web (or webs), respectively, and represent the section geometry. 
The constant coefficients a, and bl through b4 were determined through a 
nonlinear regression analysis, using the computer program developed for this 
investigation to compute ap' 4>u' 4>yU' H (thus Hp)' and k for 90 different 
practical cases (2). As a result the following expression was obtained 
(the coefficient of multiple determination R2 being .891): 
(A) 1. 29 (A ).645 (E ).806 ( ).205 k = 0.65 AW / .:.L J!.. 
c W ECU Hp 
(5) 
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Now, Eqs. (3) and (5) can be used in Eq. (2) to compute 6. Twenty p 
of the cases considered correspond to the centrally loaded specimens tested 
in this investigation. The gcu/gy ratios were determined from the proposed 
failure criterion. The values of k predicted from Eq. (5), along with the 
values of 6p obtained from Eq. (2), from the computer program, and from 
experimental measurements are listed in Table 2. Examination of this table 
indicates that using Eq. (2) results in values that are conservative even 
when compared with 6p measured at Pu' Because there was a wide scatter in 
the measured values of 6p' and an insufficient number of data points, the 
experimental values were not used in the regression analysis. Instead, the 
analysis was based conservatively on the theoretical 6p' 
Sample problems solved in Ref. 2 have indicated that a large variation 
in 6p results in only a small variation in the value of the bending moments, 
thus of the ultimate load. Therefore, a more precise determination of 6p 
was found unnecessary. 
Method 06 So~on 
Example design and analysis problems, covering a wide range of prac-
tical cases have been carried out in Ref. 2 for statically determinant and 
indeterminant cold-formed steel beams. The general procedure of analysis 
is outlined in the steps listed below: 
(a) Determine the elastic moment diagram of the structure. The 
equilibrium and the compatibility equations can be based on 
the geometry of the structure neglecting the bearing plate. 
(b) On the basis of the elastic moment diagram, determine whether 
the sections within the positive and negative bending moment 
regions are subjected to moment gradients. 
158 
(c) 
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Compute the wit ratio, and determine the E IE ratio from cu y 
either Fig. 1 or Fig. 7. The flat width of the compression 
flange can be based on the center-line dimensions as shown 
in Fig. 2c. 
(d) Determine the effective elastic section properties, and My 
in both regions of bending moment. 
(e) Compute Mu' ~yu' and ~u in both the positive and the negative 
moment regions. 
(f) Considering the elastic moment diagram, and the values of Mu 
in the positive and the negative moment regions, determine 
the sequence of hinge formation. 
(g) Assuming elastic behavior up to the development of Mu at the 
most critically stressed section, compute the load Pyu and 
the unknown moments from the elastic solution. 
(h) In the outer spans of continuous beams the development of 
only two partial hinges is required to form a mechanism. To 
determine whether the second hinge will form, the inelastic 
rotation capacity at the first partial hinge 8p must be 
checked against the required rotation. In most practical 
cases however, 8p is inadequate and the ultimate moment 
capacity of the second critical section cannot be developed. 
In such cases, since the condition at failure is not yet 
known, the extent of the yield zone at failure neglecting 
the support width, H, cannot be determined precisely. How-
ever, it is shown in Ref. 2 that the value of H at the 
previous stage may be taken equal to that at failure without 
any appreciable error (within 1%). Thus, H determined at 
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p = P can be used in Eq. (3) to compute Hp. Then, Eqs. (5) yu 
and (2) are used to obtain k and ap' respectively. 
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(i) Knowing ap' use compatibility and equilibrium equations simul-
taneously to solve for the ultimate load and the remaining 
unknown moments. 
(j) Check to see if the moment condition assumed in both regions 
of moment on the basis of the elastic solution in step (b) 
is valid also at failure. If not, modify the gcigy ratios 
accordingly, and repeat steps (c) through (i). 
As shown in Ref. 2, computed and experimentally verified inelastic 
reserve capacity of some cold-formed panel sections due to inelastic 
moment redistribution can be as high as 30 percent of the load at first 
yield. 
SUMMARY AND CONCLUSIONS 
The inelastic load carrying capacity of cold-formed steel beams with 
stiffened compression flanges has been investigated. A failure criterion, 
based on the ultimate compressive strain is developed experimentally for 
beams under uniform moment and moment gradient. 
In any limit analysis a tria1-and-error procedure is generally followed 
to determine the ultimate load. In this study, a semi-empirical expression 
for the available inelastic rotation a has been developed to eliminate this p 
tria1-and-error step. However, a step-by-step procedure is still necessary 
to determine the moment distribution at failure because of the difficulties 
introduced by the rotational compatibility requirement. 
During the course of this investigation the webs of the test specimens 
were purposely kept stocky to avoid web failure. If the web slenderness 
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ratio of a flexural member is large, buckling may initiate in the web in a 
number of modes, causing premature failure. Although the groundwork on the 
limiting depth-to-thickness ratios of webs subjected to elastic and in-
elastic compressive bending stresses has been initiated in Ref. 2, further 
studies on this subject are necessary. 
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outside dimensions of cross section (Fig. 2) 
center-line dimensions of cross section (Fig. 2) 
Young's modulus [30,000 ksi (206,500 MN/m2)] 
length of yield zone on one side of a critical section 
with no bearing plate (Fig. 9a) 
Hp : length of yield zone on one side of a critical section 
with bearing plate 
= elastic moment of inertia 
k = coefficient of inelastic curvature distribution (Eq. (5) ) 
L = total span length 
R. = re7erence or shear span 
M = ultimate moment computed according to failure criterion u 
My = initial yield moment 
N = actual bearing plate width 
Pf = failure load observed in tests 
P = load corresponding to 1 as t recorded values in tests, u 
and ultimate load 
R, r = inside, and center-line radius of corner bends (Fig. 2) 
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t thickness 
w = flat width of compression flange (Fig. 2) 
Ycu distance between neutral axis and compression flange 
ECU = ultimate compressive strain 
Ey = yield strain 
9T total midspan rotation (Fig. 5) 
9p available inelastic rotation of partial hinges (Eq. (2)) 
0y = yield stress 
$u = ultimate curvature (= ECU/YCU) 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































INELASTIC CAPACITY OF BEAMS 165 
Table 2. - Comparison of the Theoretical Available Rotation 
With That Predicted From Eq. (2) 
k 9p 9p 9p Specimen 
From Eq. (5) From Eq. (2) Computer Test 
(10-6 x rad) (l0-6 xrad ) (l0-6 xrad ) 
N5-L6 .3513 681 980 1302 
N2.5-L6 .3562 649 836 1158 
NO.O-L3 .3969 357 341 1927 
N5-L6 .1697 4945 5012 6787 
N2. 5-L6( 1) .1469 4433 4069 4694 
N2.5-L6(2) .1604 4332 3846 7103 
N1-L6 .1609 4189 2959 5720 
N5-L3 .1830 3110 3390 30508* 
NO.5-L3 .1050 5546 4159 9249 
N2.5-L3 .1111 6353 6848 10364 
NO.5-L3 .1562 5018 3924 4198 
N2.5-L3 .1654 5744 6002 8783 
MG-L2 .2791 2986 3095 7180 
MG-L3 .2598 3990 4083 8432 
MG-L4 .2459 4893 4950 7321 
MG-L4.5 .2405 5354 5409 6414 
MG-L5 .2358 5800 5866 6087 
MG-L6 .2276 6642 6723 6645 
CL-1 .1537 5937 4666 8898 
CL-2 .1511 5904 5770 6670 
* Three web stiffeners were tack welded to webs under the bearing 
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INELASTIC CAPACITY OF BEAMS 
(a) Hat section (b)C-section 













( c) Section 4,5, 6 
(a) Test set - up 
" 
1I~8earing plate 
4 3 I 
(b) Strain gage location 
JL 
T '2 
(d) Section 2, 3 




(e) Section I 




















































































































































































































































































































































































































































































































































































































































































































































174 FIFTH SPECIALTY CONFERENCE 
(a) Moment diagram 
(b) Curvature, cp, diagram 
Fig. 9.-8eam Segment to One Side of 
Critical Section 
